The cultivation of species in urban areas for landscaping or consumption has increased in cities surrounded by Cerrado, putting in risk the local flora. Thus, the objective of this paper was to describe seed germination and seedling emergence of five urban cultivated species of Melastomataceae and Bombacoideae and compare them with Cerrado native species to evaluate if they offer any risk to local vegetation. The seeds were collected in the urban area of Uberlândia, within the Brazilian Cerrado. We calculated germination and emergence measurements and compared them to literature data. Seeds of Bombax ceiba and Pachira aquatica had a germination and emergence pattern similar to other Bombacoideae. Tibouchina pulchra and Tibouchina granulosa also had a similar pattern to other Melastomataceae, with low germinability. In contrast, seed germination of Heterotis rotundifolia, an invasive African species, was similar to Clidemia hirta, also known as invasive, including the higher spreading of germination through time, a common character of invasive plants. Seed germination of H. rotundifolia was more similar to Cerrado species with dormant seeds, showing high germinability and germination spread through time. These features added to its fast-growing due to its decumbent herbaceous habit that forms dense mats could offer risks to local species. Thus, it is being recommended that its populations be monitored.
Introduction
The broad cultivation of non-local species in urban areas or their introduction in natural vegetation, regardless of their origin, may offer a potential risk to local species in many aspects, as affecting the niches and interaction networks [1] [2] [3] . They are commonly called invasive or alien species. In this context, the biology of alien species received attention in recent studies [3] . Some seed germination features have been related to the invasive ability in many alien species and were evaluated in some places in Europe [4] , but there are no similar studies, as far as we know, regarding Neotropical plants.
Studies in the last two decades about seed germination patterns of Cerrado species [5] may allow some initial comparisons. Some differences in seed ecology between alien or invasive and local or native species were identified focusing on germinability, different light conditions for germination, stratification requirements, dormancy strategies, seedling growth or vigour and other traits [6] [7] [8]
[9] [10] .
Tropical Malvaceae-Bombacoideae and Melastomataceae trees are widely cultivated around the world and some species of these groups present an invasive potential. Melastomataceae is a highly diverse worldwide family, with ca. 4500 species according to Clausing & Renner [11] , and some species show a high invasion potential around the world. The most famous invasive species are Clidemia hirta D. Don [12] and Miconia calvescens DC. [13] , but the list is increasing with Heterotis rotundifolia (Sm.) Jacq.-Fél., which has been considered invasive in many countries [14] . Recently, species from the Atlantic Forest as Tibouchina granulosa (Desr.) Cogn. and T. pulchra Cogn. [15] are being widely cultivated in urban areas of the Cerrado domain and also show some invasive potential. Tibouchina granulosa and T. pulchra are not viewed as alien or invasive species, but their cultivation may represent threats to local species. They usually occur as native species in the Atlantic Forest, but their habit and exuberant flowering has stimulated their cultivation in Brazilian urban areas [16] .
Special attention should be given to Heterotis rotundifolia, originated in African savannas [17] , which occurs from forests to open areas, roadsides and disturbed areas, because it is a fast-growing species, and due to its decumbent herbaceous habit that forms dense mats, it could displace natural vegetation [18] [19]. Although it has viable seeds, this species has vegetative growth and reproduction and, for this reason, it was included in the Global Compendium of Weeds [14] , and was listed as invasive and a weed species around the world [19] [20] [21] [22] . H. rotundifolia in Brazil was introduced in urban areas for culti- in Brazil is sub-estimated due to the low number of surveys in urban areas, especially for non-arboreal plants, but it occurs in the states of Minas Gerais and Amazonas [23] .
In Bombacoideae (Malvaceae), some species also have a strong potential for cultivation in urban areas, especially due to their flowering and human seed consumption. Two of these species are cosmopolitan trees and cultivated around the world, Bombax ceiba, originated from Asia, and Pachira glabra, which has an uncertain origin. Robyns [24] suggests that P. glabra has its origin in the Tropical American Forests, with occasional and non-natural occurrence in disturbed and human altered areas of Cerrado. Pachira glabra is an alien in Cerrado areas, but it is commonly cultivated in urban areas inside the Cerrado Biome [25] .
This paper wants to describe the seed germination or seedling emergence pattern of five species of Bombacoideae and Melastomataceae commonly cultivated in urban areas surrounded by Cerrado, comparing them to local species from the same family and local flora.
Material and Methods

Species Selected and Seed Collection
Seeds of Heterotis rotundifolia, Tibouchina granulosa, T. pulchra (Melastomataceae), Bombax ceiba and Pachira glabra (Bombacoideae-Malvaceae) were collected in urban areas of Uberlândia (48˚18'W and 18˚59'S), Minas Gerais State, Brazil as described in Table 1 . The region is included in the Cerrado domain, the Neotropical savanna of Brazil [26] . The climate of this region is characterized as Aw Megathermic, according to the updated classification of Köp-pen-Geiger [27] , a tropical wet climate with a dry winter (April to September) and a wet summer (October to March) [28] . The voucher specimens were included in the Herbarium Uberlandense (HUFU).
Mature fruits were collected directly from the mother plants and mixed for the analysis. The capsular fruits were kept in paper bags until seed dispersion.
All dried seeds were kept in paper bags and stored in plastic pots with silica gel at room temperature (± 25˚C) until sowing. Additionally, for Pachira glabra, we These seeds were collected on the same dates as the seeds collected directly from the trees to test the hypothesis if both seed groups have differences in the germination. We suspected that soil seeds show low physiological quality. See details of each collection in Table 1 .
We collected seeds from only one tree of T. pulchra and B. ceiba since the species occurs in low density in the city with a low number of fruiting individuals. Only five alien species, segregated in two families (Melastomataceae and Bombacoideae), were included because other alien species from these two families do not occur in the city. We included only Melastomataceae and Bombacoideae alien species since we had sufficient data for comparative studies. In parallel we conducted specific studies to describe the seed germination patterns in these families.
Seed Experiments
For seed germination experiments of Melastomataceae species, the seeds were sown over filter paper inside Emanueli chambers, a plastic germination container [29] ; see photos and details in Mendes-Rodrigues & Oliveira [30] filled with distilled water (ca. 20 mL). For Bombacoideae species, the seeds were sown For the seedling emergence, seeds of Bombacoideae species were sown ca. 1 cm below surface in multicelled polystyrene germination trays filled with a commercial substrate (Plantmax ® , Eucatex Mineral Ltda, São Paulo, Brazil). They were maintained in a greenhouse, in an experimental field in Uberlândia, and moistened when necessary.
The number of seeds germinated was observed daily and the protrusion of any part of the embryo was used as germination criterion. The number of seedlings emerged was also observed daily and the appearance of any part of the seedling above the soil surface was used as emergence criterion. All replicates of each species were treated as a sample to process the descriptive analysis. The original experiments were installed in a conventional experimental design, because they belonged to a larger study for each family germination pattern characterization.
The germination and emergence were observed up to two months after the last event (germination or emergence) in all replicates as the criteria to stop the evaluation of the experiment.
For each sample, germinability or emergence, mean germination or emergence time, time of the first and last seed germination or seedling emergence, coefficient of variation of germination or emergence time, uncertainty and synchrony were calculated [31] . Further details on the applications of these germi- 
Cerrado Species Comparisons
For this purpose, the data obtained for the species here analysed were compared with other Cerrado species and see species list in Table 1 and Table 2 , including Melastomataceae and Bombacoideae. The majority of species included in the comparison were studied by [33] - [41] . The data were not estimated but obtained directly from the authors, and the seed germination measurements were recalculated as a single sample (all replicates were summed), without considering the original experimental design. When studies involved seed preparation treatments, we used only the control treatment (seeds moistened only with water, without dormancy breaking or additional treatment) and when they involved different individuals, fruit characters or seed types from the same plant, these data were grouped in a single sample. That was necessary due to differences in populations, individuals or seed classification according to the physiological qualities involved in each study. Working with the original replicates could lead to an error of analysis, since when comparing the species among themselves we would be comparing replicates with different sources of variation (e.g. replicates originated from individuals versus replicates originated from different types of fruit). Independently of the experimental design, all studies included here were based on the same germination measurements and without time censoring (no experiment was interrupted and all necessary time for seed germination was allowed), making it possible to compare the studies. Besides, we also included only daily evaluated experiments. This criterion of paper selection minimizes the effects of experimental conditions making it possible to compare the species. Some studies were conducted in Uberlândia, in the same or similar conditions that we used in our seed germination experiments (same temperature, light conditions and same chamber model) or in the seedling emergence experiments (same greenhouse and environmental conditions). For seed germination comparisons, 36 species of 18 families of the Cerrado Biome were included. For seedling emergence, comparisons were made with 47 species of 20 families as described in Table 2 . Details for each species, sampling and experimental design can be observed in the original papers listed in Table 1 and Table 2 . In the present paper, data were used only for descriptive and comparative purposes, without statistical inferences.
As exploratory analysis, we performed Principal Component Analyses (PCA)
to compare and group the alien (or cultivated) species with the native Cerrado species. In this analysis, we used germinability, germination or emergence time Legend: G: Germinability, GTFS: germination time of the first seed, MGT: mean germination time, GTLS germination time of the last seed, CVGT coefficient of variation of the germination time:, UG uncertainty of germination:, ZG: synchronization index of germination. The code refers to first and/or second letter from species name, followed by population number if more than one.
germination and emergence. The analyses were performed in R using the vegan and graphics packages [42] . All other data were presented in a descriptive approach since the data show some limitations and any inference was proposed. 
Results
Alien Species
The time for the first germination among the seven alien Melastomataceae species ranged from 5 to 9 days, and the time for the last germination for the same species ranged from 16 to 219 days as Table 2 demonstre.
Among the Melastomataceae, seeds of Heterotis rotundifolia showed high germinability (95.4%), and the highest values for mean germination time (77.85 days), for the last seed germination (219 days) and uncertainty (6.36 bits), and the lowest value for synchrony (0.0148) in relation to the species compared, characterizing its germination process as slow and asynchronous as described in Table 2 . Seed germination was spread from 8 to 219 days, with few peaks of low relative frequency per day (below 4.5%, Figure 1 ), evidencing strong spreading of germination through time, when compared with the other Melastomataceae.
The seed germination of H. rotundifolia was concentrated between 60 and 100 days as illustrated in Figure 1 . Seeds of this species showed similar germinability and coefficient of variation of germination time to seeds of Clidemia hirta, but with more spreading through time, higher uncertainty and lower synchrony as illustrated in Figure 2 Table 2 .
spreading of germination around the mean time (coefficient of variation of the germination time of 56.04%) in relation to the other Melastomataceae as described in Table 2 .
Bombax ceiba and Pachira glabra showed high germinability and percentage of seedling emergence, and similar synchrony in relation to the other Bomba- Low physiological quality of Pachira glabra seeds collected from the soil was observed during the emergence process, with only 5% of seedling emergence, which was slower and more asynchronous when compared to seeds collected directly from the trees as described in Table 2 and Table 3 . Table 2 & Table 3 . Legend: E: Emergence rate, ETFS: emergence time of the first seed, MET: mean emergence time, ETLS emergence time of the last seed, CVET coefficient of variation of the emergence time: UE uncertainty of emergence:, ZE: synchronization index of emergence. The code refers to first and/or second letter from species name, followed by population number if more than one.
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Cerrado Species
For the seed germination process of Cerrado species, germinability ranged from 5%, for Enterolobium contortisiliquum Kuntze-Population 2, to 100% for Tapirira guianensis Aubl. The germination time for the first seed ranged from 1 day in seven species to 147 days for Aegiphylla sellowianna Cham., while the germination time for the last seed ranged from 3 days for Tapirira guianensis to 512 days for Trema micrantha (L.) Blume. The mean germination time ranged from 2.03 days for Tapirira guianensis to 231.89 days for Trema micrantha, and the coefficient of variation of germination time ranged from 10.53% for Trema micrantha to 151.12% for Plathymenia reticulata Benth. The uncertainty of germination ranged from 0.30 bits for Tapirira guianensis to 6.58 bits for Guazuma ulmifolia Lam.-Population 1, and the synchrony of germination ranged from 0.0042 for Guazuma ulmifolia-Population 1 to 0.9099 for Tapirira guianensis as described in Table 2 .
For seedling emergence percentage the values ranged from 3% for Guarea guidonia (L.) Sleumer to 100% in three species (Diteryx alata Vogel, Pouteria torta Radk., Tapirira guianensis Aubl.). The emergence time for the first seedling Open Access Library Journal ranged from 3 days for Anadenanthera colubrina (Vell.) Brenan and A. peregrina Speg. to 100 days for Syagrus oleracea Becc., while the emergence time for the last seedling varied from 10 days for Anadenanthera peregrina to 284 days for Hymenaea courbaril L. The mean emergence time ranged from 4.06 days for Anadenanthera peregrina to 117.40 days for Syagrus oleracea, with the coefficient of variation of emergence time ranging from 7.78% for Alibertia sessilis (Vell.) K. Schum. to 126.33% for Hymenaea courbaril. The uncertainty of emergence ranged from 1.85 bits for Anadenanthera peregrina to 5.24 bits for Ormosia arborea Harms, and the synchrony of emergence ranged from 0.0152 for Enterolobium contortisiliquum to 0.3671 for Anadenanthera peregrina as described in Table 3 .
Comparison between Alien and Native Cerrado Species
Comparing Melastomataceae with other Cerrado species, seeds of Heterotis rotundifolia were similar to Guazuma ulmifolia, Lithraea molleoides and Schefflera morototoni, which formed a clear group with a high mean germination time and seed germination spread through time as illustrated in Figure 2 . When Heterotis rotundifolia was compared with other Melastomataceae, it was similar to Clidemia hirta with high germinability and asynchronous seed germination, but the latter species has shorter seed germination time as illustrated in Figure 3 Bombax ceiba and Pachira glabra were similar to other Cerrado Bombacoideae species (Ceiba speciosa, Eriotheca spp. and Pseudobombax spp.), but with a different pattern in relation to species of other tribes of Cerrado Malvaceae for the germination and emergence processes as illustrated in Figures 2-4 .
The non-Bombacoideae species of Malvaceae showed a lower germinability and percentage of emergence compared to Bombacoideae, with higher spread of germination in time in relation to Bombacoideae species, probably related to dormancy. When compared to Cerrado native species, the alien Bombacoideae did not show any marked difference as illustrated in Figures 2-4. 
Discussion
The alien Bombacoideae species showed similar seed germination and seedling In reality, more important than the mean germination/emergency time is the amplitude between the first and last event, as was demonstrated for diaspores of Lithraea molleoides (Vell.) Eng. [43] . The total seeds germinated or seedlings emerged frequently are more associated with viability than with dormancy.
For Melastomataceae, we found some differences. The seed germination pattern of Heterotis rotundifolia was similar to Clidemia hirta. The latter is considered an invasive species [12] , with high germinability, slow and asynchronous seed germination [44] . Seeds of both species are probably dormant, but the type of dormancy is unknown. The dormancy types and metabolism in Melastomataceae are poorly known, although some studies have showed multiple dormancy [36] , physiological dormancy [45] and water impermeability in seed coat [46] . The spreading of the germination through time, typical of seeds of several Melastomataceae, permits the inclusion of these seeds in the category of relative dormancy as proposed by Labouriau [47] , but the type of dormancy is unclear because the spreading of the germination through time can be due to physical, morphological, physiological or combination of these causes. Dormancy is also present in other invasive species [6] [8] [9] , reinforcing the risk related to the cultivation of Heterotis rotundifolia near natural areas.
The germination process for Melastomataceae species usually starts in less than 30 days and is associated with dormancy in many species [41] [44] because more important than this limit, as was proposed by Baskin and Baskin [48] to consider seeds non-dormant, is the behaviour of the germination process through time. The spreading of the germination through time, that is, the broad range between the first and last germination or emergence is the most important reference point to consider dormancy and it is valid for species of other families.
For example, seeds of Luehea divaricata, Ormosia arborea and Virola sebifera with dormancy, had a mean germination time of 24.1, 25.7 and 24 days, respectively, but with a range of the germination process from 4 to 104, 8 to 86, and 16 to 44 days, respectively [5] . The same species had a mean emergence time of 62.8, 80.4 and 57.7 days and a range of the emergence process from 29 to 105, 57 to 145 and 46 to 66 days, respectively. During this time, they reached 48.1%, 96%
and 96% of germinability and 53, 89 and 15.7 of emergence. Seedlings of Copaifera langsdorffii and Genipa americana reached 95% and 84.5% of emergence with mean a emergence time of 27 and 28.7 days, ranging from 18 to 56 and 17 to 71 days [5] . All of them had the mean germination or emergence time lower than 30 days and relative dormancy due to the spreading of germination or emergence through time. Seeds of Luehea divaricata have relative dormancy caused by physiological dormancy, of Ormosia arborea have physical and mechanical dormancy, of Virola sebifera have physiological dormancy, and those of Copaifera langsdorffii have physical, chemical and physiological dormancy (see Open Access Library Journal the relative frequency of germination or emergence in Ranal et al. [5] and more information for C. langsdorffii in Pereira et al. [49] . It is also important to consider that the low mean germination time of some species is associated with time censoring of the experiment, a particular decision of the researcher but, in these cases, the time measurements are underestimated. Another point is that for some species with dormant seeds that show a broad range between the first and last germination and very low synchrony, as is the case of Enterolobium contortisiliquum, Guazuma ulmifolia, Hymenaea courbaril [5] , Lithraea molleoides [43] , Senna sylvestris and Trema micrantha [5] , the mean germination time does not have the same importance or utility as for those that germinate very closely, even if this occurs after a long time. The relative frequency of germination or emergence and the survival analysis seems to be more appropriate for these species as pointed out by Berger et al. [43] . The last point is that seeds of some species could take a long time for the first germination, but most of them could germinate synchronously a long time after they were sowed. The seeds were dormant and this condition could be broken at the same time, weeks or months after sowing. The spreading of germination through time is associated with dormancy and this character permits soil seed bank formation for Melastomataceae, as was observed for Clidemia hirta, Miconia chartaceae, Miconia ferruginata, Microlicia fasciculata [36] and synchronic germination process than seeds stored in paper bags in laboratory conditions [44] , and these results represent irrefutable evidence of its ability to survive in soil and form soil seed banks. Thus, this behaviour is an important signal that seeds of Heterotis rotundifolia can persist in seed banks, and in favourable situations can compete with the natural vegetation, although this character needs to be investigated. Seeds of Miconia albicans established in grasslands have slow and asynchronous germination, and this fact could increase seedling survival in grasslands, a more unpredictable environment compared to woodlands [52] .
Another important factor for the establishment of invasive species is that a larger introduction is more important to survival than small and frequent insertions [10] . Heterotis rotundifolia could incorporate the two processes with multiple insertions, one of them by means of the relative dormancy of its seeds that spread the germination through time, which represents the small and frequent insertions, and a second type represented by large introductions due to the high germinability of the seeds present in the soil seed banks, when exposed to ideal conditions for germination. It was observed for Leucaena leucocephala (Lam.) C. Mendes-Rodrigues et al. Open Access Library Journal de Wit, another invasive species of the Cerrado region, that it also has its invasive capacity related to seed bank formation due to dormancy and high seed production [9] .
The low germinability of Tibouchina pulchra and T. granulosa seeds is comparable to seeds of Miconia ferruginata [44] and Microlicia fasciculata [41] . Miconia ferruginata presents high embryoless seed percentages [44] , a fact that could be present in the seeds of the two Tibouchina species. Studies have demonstrated that germinability of 27.84% and 23.92%, respectively for seeds of Tibouchina pulchra and T. granulosa [55] is related to the absence of embryos in their seeds, a common character in Melastomataceae [56] .
For Tibouchina pulchra and T. granulosa, low germinability could also represent reproductive inadequacies for local conditions, for example, soil quality. The urban area that was studied here has a high plant and animal diversity, and probably has no deficiency in pollination services. As the seed quality and germination pattern in some Cerrado Melastomataceae could be also related to aluminium presence [41] [44] , the presence of this element in Cerrado soils could be a disadvantage to non-Cerrado species as Tibouchina pulchra and T. granulosa. Heterotis rotundifolia might not be affected by this element taking into account its origin in African savannas, with possibly similar soil conditions. The last important point for some invasive species is that a low germination percentage has been found and that is compensated with other features as seedling vigour [6] .
Heterotis rotundifolia represents high potential risks to local species, especially because of the high germinability and spreading of germination through time with a not yet known dormancy mechanism. Allied to these factors, this species shows fast growth and vegetative propagation [18] [19]. Thus, special attention is necessary in monitoring the spread of this species and the possible impacts in the local species of Cerrado.
Other seed germination characters have also been related to the success of alien species. We have the examples of Clausena excavata Burm., which germinates in broad light conditions [7] , Impatiens glandulifera Royle, which requires a short period of time for seed stratification [6] , and alien Impatiens species, which have a more successful local adaptation rate compared to local Impatiens species [8] .
Besides this information, seed germination characters are not generally related to the capacity of invasion, except high germination rates [57] , probably because of the low number of comparative studies for other metrics related to seed germination. Another point is the absence of studies that compare seed germination patterns of species when they are in their native area and when they are alien. Unfortunately, we do not know the seed germination measurements for the alien species studied here in their natural habitat.
Our data could present some limitations due to the low number of trees evaluated, statistical inference and low number of species and families studied, but they represent the first data for some species, regardless of being in natural Open Access Library Journal or alien areas. These descriptive data could improve information to plan future experimental investigations.
Conclusions
In conclusion, our data show two possible different patterns. Bombacoideae alien species studied here show the same seed pattern of local species, without a distinctive factor in seed germination or seedling emergence. On the other hand, Melastomataceae shows one species with a distinct pattern, Heterotis rotundifolia, which could offer risks to local flora. This species had a similar behaviour of other dormant species of the Cerrado flora.
Although we did not evaluate the entire process of the introduction of alien or cultivated species, the analyses of seed germination and seedling emergence measurements, as the spreading of germination in time, could offer information that is related to the success of invasive species.
